ABSTRACT For most species of ants, newly mated queens found new colonies from stored body reserves, and without the assistance of workers. Consequently, until the Þrst batch of colony members hatches, newly mated queens face a potential shortage of labor for brood care. The purpose of this study was to describe the brood rearing strategies of newly mated monogyne Solenopsis invicta queens, under controlled laboratory conditions, to determine how they compensated for the lack of worker labor in rearing the Þrst batch of colony members. Newly mated S. invicta queens were collected (n ϭ 60) and reared individually in artiÞcial nests in the laboratory under optimal incubation conditions. Using video-technology, brood care activity by newly mated queens was quantiÞed and compared with brood care activity of mature queens who were incubated with workers. In addition, newly mated queens and their offspring (i.e., the incipient colony) were censused biweekly for 6 mo to determine the ontogeny of the adult:larva ratio. Results from this study revealed that newly mated queens spent 65% of their time engaged in brood care activities; queens incubated with workers spent Ͻ1% of their time tending brood. Newly mated queens laid two kinds of eggs, viable and trophic. Trophic eggs were ingested by the queen, and then regurgitated to larvae. In the second phase of colony founding, after the Þrst worker offspring hatched, the adult:larva ratio was Ͼ1:1. Consequently, larvae were never in competition with each other for worker attention. In summary, this study revealed that newly mated queens were endowed with a suite of compensatory brood rearing strategies enabling them to succeed in founding a colony in the absence of worker labor.
IN ANTS, NEW colonies started by a newly mated queen, independent of her queen mother or her sister workers, is referred to as claustral founding (Hö lldobler and Wilson 1990) . During claustral founding, a newly mated queen excavates a tunnel ending in a small, subterranean chamber (Markin et al. 1973 , Brian 1983 , seals herself inside the chamber, and lays her Þrst batch of eggs. Claustral founding reduces the risk of death from predation or desiccation because newly mated queens do not leave their sealed chambers to forage for food. However, claustral founding does necessitate that newly mated queens rear their Þrst batch of worker offspring from stored body reserves (Martinez and Wheeler 1994 , Wheeler 1996 , Wheeler and Buck 1996 . Thus, a newly mated queen begins colony founding as a capital breeder (Stearns 1992 ) with a Þnite limit on the number and size of the Þrst batch of offspring she can rear successfully (see citations in Wood and Tschinkel 1981) . If a queenÕs body reserves are not sufÞcient to rear the Þrst batch of worker offspring to adulthood, she will perish.
The amount of time and energy that newly mated queens spend on brood care depends on the stage of brood development. Eggs and pupae are, for the most part, closed systems. They are prepackaged with sufÞcient body fat and storage proteins to fuel their development (Wheeler 1996) . Therefore, eggs and pupae are relatively labor free. In contrast, larvae are labor intensive, absorbing large amounts of adult time and energy. Although 80 Ð90% of brood growth occurs during the larval stage (Petralia and Vinson 1978) , larvae do not have stored body reserves, and thus, are completely reliant on adults for food and shelter (Sudd 1967 , Wilson 1971 , Brian 1983 , Cassill and Tschinkel 1995 .
Optimal larval care generally requires a labor force of one adult worker to successfully rear one larva to adulthood or an adult:larva ratio of 1:1 (e.g., Brian 1953 Brian , 1957 Passera 1980; Passera et al. 1988; Tschinkel 1999a, 1999b) . Consequently, colonies founded by a single adult, the queen, appear to have a severe labor shortage for brood care. How do newly mated queens compensate for the low adult:larva ratio? Moreover, after the Þrst batch of worker offspring hatches (ecloses), is the adult:larva ratio of the incip-ient colony sufÞcient to optimize larval development and, hence, colony growth?
The intent of this study was to describe the brood care strategies of newly mated, red imported Þre ant, Solenopsis invicta (Buren) queens during the Þrst phase of colony founding and to describe the ontogeny of the adult:larva ratio during the second phase of colony founding.
Materials and Methods
Over 100 newly mated queens were collected in Tallahassee, FL, during June 1994 on a clear afternoon following a rainstorm. Queens were individually incubated in small chambers inside test tubes at 29ЊC in constant light. The queen chamber was created between a dry cotton ball at the tubeÕs mouth and a water-soaked cotton ball at its base. With the appearance of the Þrst eggs, 60 individually tubed queens were randomly selected for this 6-mo study.
When the Þrst batch of eggs had molted into fourthinstar larvae, 10 queens were randomly selected for a detailed analysis of their larval feeding activities. Each queen and her larvae were video taped in their test tube chamber for 6 h. As a point of comparison, these procedures were repeated on Þve mature queens placed in an artiÞcial nest with 25 adult workers and 20 larvae. The type, frequency, and duration of each queenÕs activities were quantiÞed using a computer event recorder.
Approximately 1 mo after newly mated queens were captured, the Þrst batch of small "minim" workers hatched. At this point, colonies were transferred from the sealed test tube to a larger artiÞcial nest with entrance/exit holes (9-cm-petri dish). This artiÞcial nest was placed inside a plastic box whose sides had been coated with Fluon (Northern Products, Woonsocket, RI) to provide workers a forging arena for acquiring food to feed the queen and larvae. ArtiÞcial nest ßoors were made of plaster and were moistened weekly to prevent worker desiccation. The number of eggs, larvae, pupae and adults was recorded per queen, biweekly for 6 mo (24 wk). Census data were analyzed with JMP IN statistical software (Sall and Lehman 1996) .
Results
Phase One of Colony Founding (Queen and Brood). Newly mated queens were hypervigilant mothers relative to queens who were incubated with adult workers to assist in caring for their brood (Table  1) . Newly mated queens were three times more likely to be active and 65 times more likely to tend brood during their active periods than queens incubated with adult workers. The inactive periods of newly mated queens were brief, usually lasting fewer than 5 min, whereas the inactive periods of queens incubated with workers lasted for hours.
The mean queen:brood ratio of newly mated queens before workers hatched was 1:18 (SE ϭ 0.6, range ϭ 3Ð35). The mean number of eggs laid was 25 (SE ϭ 1.4, 10 Ð70); the mean number of larvae that successfully molted from these eggs was 13 (SE ϭ 0.4, 4 Ð19); the mean number of pupae that successfully molted was 13 (SE ϭ 0.7, 1Ð31); the mean number of Þrst workers successfully eclosing was 13 (SE ϭ 0.7, 3Ð30). Given that one worker is required to rear one egg to adulthood Tschinkel 1999a, 1999b) , and that newly mated S. invicta queens successfully reared an average of thirteen worker offspring, I concluded that newly mated queens provided an average of thirteen worker-labor units during the Þrst phase of colony founding.
Apparently, half the initial batch of eggs laid were trophic eggs employed to sustain the newly mated queen and feed the larvae. Additional trophic eggs were laid by the newly mated queen to supplement larval nutrition. After laying a trophic egg, newly mated queens pierced its cuticle, ingested its contents, and then regurgitated those contents to larvae (Fig.  1) . The mean duration of queen-larva regurgitation was 32.2 s (SE ϭ 1.4 s, range ϭ 9 Ð93 s). Newly mated queens also ingested the gut ßuids of molting larvae (anal trophallaxis). In addition, newly mated queens assisted in the molting process of larvae and pupae, and recycled the molted cuticle by feeding it to other larvae.
Phase Two of Colony Founding (Queen, Brood and Worker Offspring). The majority of queens (37/60 ϭ 62%) successfully reared a batch of workers. A detailed analysis of colony members during the second phase of colony founding revealed that the number of adult workers always exceeded the number of larvae (Fig. 2a) . Thereafter, the number of workers exceeded all brood regardless of brood type (Fig. 2b) . Worker:larva ratio was not correlated with the number of adult workers in growing colonies (F ϭ 3.44; df 1, 268; P ϭ 0.065; R 2 ϭ 0.1%). The number of larvae was highly correlated with of the number of workers (F ϭ 1,397.5; df ϭ 1, 284; P Ͻ 0.0001; R 2 ϭ 83%, y [larvae] ϭ 5.54 ϩ 0.45x [workers] ). Likewise, the number of eggs was highly correlated with the number of pupae (F ϭ 833.1; df ϭ 1, 280; P Ͻ 0.0001; R 2 ϭ 75%, y [eggs] ϭ 17.4 ϩ 0.60x [pupae]).
Discussion
Newly mated queens and founding colonies experienced no shortage of adult labor for brood care. During the Þrst phase of colony founding, newly Brood care included brood licking, larval feeding, assistance during brood molts and egg laying. Grooming included licking of self or other adult. mated queens employed several compensatory strategies for rearing brood without worker assistance. First, queens were hyper-vigilant, providing roundthe-clock brood care (Fig. 1) . Second, queens avoided the cost of foraging for food by rearing their Þrst batch of offspring on body reserves in the form of trophic eggs that queens laid, ingested and then regurgitated to larvae. Third, brood developed in a synchronized sequence from egg to larva to pupa, such that newly mated queens generally had one brood type to care for at a time. Because the high-maintenance larvae hatched as a cohort, newly mated queens synchronized the production of additional trophic eggs to feed them. The factors determining whether an egg is viable or trophic are unknown.
During the second phase of colony founding, after the Þrst worker offspring hatched (eclosed), the number of adult workers always exceeded the number of larvae (Fig. 2a) . Hence, larvae never experienced a labor shortage. What is the feedback mechanism reg- Fig. 1 . An activity ethogram of one newly mated queen during one 6-h period of colony founding. This queen spent 69.5% of her time in brood care, 11.1% in self grooming, and 19.4% inactive. Anal drinking or anal trophallaxis: the queen ingested the anal ßuids emitted from a larva just after the larva passed its meconium (feces) before molting into a pupae.
ulating an optimal worker:larva ratio? It is not the workers, but the larvae (Tschinkel 1988a (Tschinkel , 1995 ; see also Borgesen 1989, Borgesen and Jensen 1995; Gibson and Scott 1990) . A queenÕs egg-laying rate is stimulated by ingesting a substance excreted from the anus of pupating larvae. Consequently, because the size of a younger batch of brood is regulated by the size of an older batch of brood, larvae will always have a sufÞ-cient number of newly hatched workers to tend them. Thus, larvae were not in competition with each other for worker attention.
In summary, this study demonstrated that newly mated S. invicta queens, individually incubated under laboratory conditions to simulate claustral colony founding, displayed a suite of ßexible brood production and brood care strategies to compensate for a lack of worker labor. The success rate of newly mated queens reared in the laboratory was eight-fold greater than that of newly mated queens reared in the Þeld (62 versus 8%, estimated from Fig. 4 of Adams and Tschinkel 1995a) . Hence, the survival of newly mated queens might depend less on their intrinsic ability to found a colony and more on the ecological factors they encounter during founding (Vinson and Greenberg 1986; Tschinkel 1988b Tschinkel , 1993a Tschinkel , 1993b Adams and Tschinkel 1995b; Vinson 1997) .
